ABSTRACT: Williams syndrome (WS) is a rare neurodevelopmental disorder with a well-described, known genetic etiology. In contrast to Autism Spectrum Disorders (ASD), WS has a unique phenotype characterized by global reductions in IQ and visuospatial ability, with relatively preserved language function, enhanced reactivity to social stimuli and music, and an unusual eagerness to interact socially with strangers. A duplication of the deleted region in WS has been implicated in a subset of ASD cases, defining a spectrum of genetic and behavioral variation at this locus defined by these opposite extremes in social behavior. The hypersociability characteristic of WS may be linked to abnormalities of frontostriatal circuitry that manifest as deficits in inhibitory control of behavior. Here, we examined the density of neurons and glia in associative and limbic territories of the striatum including the caudate, putamen, and nucleus accumbens regions in Nissl stained sections in five pairs of age, sex, and hemisphere-matched WS and typically-developing control (TD) subjects. In contrast to what is reported in ASD, no significant increase in overall neuron density was observed in this study. However, we found a significant increase in the density of glia in the dorsal caudate nucleus, and in the ratio of glia to neurons in the dorsal and medial caudate nucleus in WS, accompanied by a significant increase in density of oligodendrocytes in the medial caudate nucleus. These cellular abnormalities may underlie reduced frontostriatal activity observed in WS, with implications for understanding altered connectivity and function in ASD.
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INTRODUCTION
Autism Spectrum Disorders (ASD) are characterized by an extremely complex and heterogenous genetic (Sebat et al., 2007; Geschwind, 2011; Miles, 2011; Persico and Napolioni, 2013; Jeste and Geschwind, 2014) and phenotypic (Tager-Flusberg and Joseph, 2003; Ring et al., 2008; Lombroso et al., 2009 ) profile. By contrast, Williams syndrome (WS) is known to be caused by a hemizygous microdeletion of 25-28 genes on chromosome band 7q11.23. It is a rare disorder (<1 in 7500, Strømme et al., 2002) characterized by multiple somatic effects, including distinctive facial morphology, slowed growth, and cardiac abnormalities (Williams et al., 1961; Beuren et al., 1962) . Individuals with WS additionally display a relatively predictable and consistent cognitive and behavioral phenotype, including global reductions in total IQ, particularly with respect to visuospatial abilities (Meyer-Lindenberg et al., 2006) . Curiously, individuals with WS have been shown to demonstrate linguistic capacity characterized by relatively broad vocabulary and unusually expressive use of phrases (Karmiloff-Smith et al., 1997; Reilly et al., 2004; Udwin and Yule, 2005) , but may struggle with temporal, spatial, and relational elements (Thomas et al., 2001; Phillips et al., 2004; Brock, 2007; Mervis and Becerra, 2007) of language use.
In stark contrast to ASD, perhaps the bestdescribed feature of individuals with WS includes what has been described as hypersociability, and the intense drive to engage in social interactions with strangers Doyle et al., 2004; J€ arvinen-Pasley et al., 2008 J€ arvinen-Pasley et al., , 2010 J€ arvinen et al., 2013) . This unique trait may be best viewed as a deficit in inhibitory control of socially-directed behavior (Little et al., 2013) . Evidence from functional imaging studies has suggested that frontostriatal circuitry may be differentially affected by developmental abnormalities characteristic of the disorder (Mobbs et al., 2007) . Hypersociality and increased affiliative drive in Williams syndrome patients may represent selected deficits in the ability to suppress behavioral responses (Frigerio et al., 2006) , and attention deficit hyperactivity disorder is a frequent comorbid diagnosis in these individuals (Carrasco et al., 2005) . Mobbs and colleagues (2007) showed slower reaction times among WS patients in a go/No-go task as compared with typically-developing control participants, and substantially reduced blood-oxygen level dependent contrast (BOLD) signal suggesting reduced activity in the striatum was observed. Given the role of frontostriatal circuits in controlling behavioral responses, microstructural abnormalities in the striatum (Fan et al., 2017) , and particularly the caudate (Reiss et al., 2004 ) may underlie behavioral deficits in response inhibition and the control of behavioral responses.
Brains of individuals with WS tend to be smaller overall than in typically-developing individuals (Jernigan and Bellugi, 1990) , including reductions in cortical and subcortical grey matter. Reductions in grey matter volume have been noted in the caudate in individuals with Williams syndrome (Reiss et al., 2004) and recent structural imaging studies have found the greatest volumetric reductions occur in the orbitofrontal cortex and striatum in WS (Fan et al., 2017) . Microstructural analyses of Brodmann areas 10 and 11 of the orbitofrontal cortex have demonstrated a reduction in neuronal density in these regions , further supporting the assertion that neural systems implicated in emotional processes are affected in WS at the cellular level. No histological studies have yet aimed to identify the microstructural changes underlying volume differences in the striatum in WS.
Here we examined the caudate, putamen, and nucleus accumbens regions corresponding to the associative and limbic territories within the striatum, a key part of the reward-processing system in the primate striatum associated with learning, flexibility, and behavioral control (Fudge and Haber, 2002; Haber et al., 2006) to analyze microstructural features of the striatum that may underlie cognitive and behavioral features of the disorder. In these regions in ASD, the caudate has been shown to involve structural increases in size (Langen et al., 2007 (Langen et al., , 2012 and reductions of total neuronal density (Wegiel et al., 2014) . We utilized postmortem tissue from ten adult individuals including a unique sample of five WS and five age-, sex-, and hemisphere-matched typicallydeveloping (TD) control subjects, to measure the density of neurons and glia in the rostral striatum.
METHODS

Materials
Subjects were adults, ranging in age from 18 to 45 years at time of death and included two males and two females with genetically confirmed diagnoses of WS, and one male (WS1) with a behaviorally confirmed diagnosis of WS with significant cardiac history consistent with the genetic disorder's biomedical profile, for which no genetic information was available ( 
Tissue Processing
Blocks including the rostral portion of the striatum were used in our analyses owed to the close association of these territories with functional connectivity with regions of the prefrontal cortex (Fudge and Haber, 2002; Haber, 2003; Haber et al., 2006; Delmonte et al., 2013; Averbeck et al., 2014; Jarbo and Verstynen, 2015) . For each WS brain, 3-4 cm thick blocks of tissue from the right hemisphere were removed and cryoprotected using successive concentrations of 10, 20, and 30% buffered sucrose solutions, and sectioned at 40 lm on a Leica SM2010 freezing microtome. TD subjects were dissected following standard procedures at the UMBTB, which include blocking of hemispheres into 1 cm thick slabs. These blocks were also cryoprotected using sucrose solutions and sectioned at 40 lm. Following cryosectioning procedures, a 1-in-10 series of tissue sections was stored for 48 hours in a neutral phosphate buffer solution to rehydrate the tissue. Sections were then mounted on gelatin-coated slides, dried at room temperature for 48 hours, and stained using a 0.25% thionine stain for Nissl substance to visualize cytoarchitecture and quantify neuron and glia densities in WS and TD subjects. Remaining sections were stored in cryoprotectant at 2208C for use in later immunohistochemical and other analyses.
Anatomical Regions of Interest (ROIs)
The striatum is organized topographically by the overlapping projections it receives from cortical territories, which have been categorized on the basis of functionally significant loops (Holt et al., 1997; Nakano et al., 2000; Fudge and Haber, 2002; Haber, 2003; Choi et al., 2012) . The regions of interest targeted were in the associative and limbic territories in the dorsal (dC) and medial caudate nucleus (mC), associative putamen (aP), and nucleus accumbens (NA) regions (Fig. 1) , comprised of areas corresponding to cognitive and limbic loops (Holt et al., 1997; Nakano et al., 2000; Haber, 2003) and reward systems (Balleine et al., 2007; Delgado, 2007; Tanaka et al., 2015) . Stereological quantification took place in a consistent manner between sections and cases, within these nuclei as described below.
Dorsal Caudate Nucleus (dC)
The caudate head emerges anterior to the appearance of the lateral ventricle and caudal to the genu of the corpus callosum in coronal sections. It is bounded laterally by the emerging fibers of the internal capsule, which separates it from the putamen. Medially, the caudate is bounded by the lateral ventricle, and functional territories receiving projections primarily from prefrontal cortical regions were targeted rostral to the anterior commissure (Haber et al., 2006; Choi et al., 2012) . The dorsal territories of the caudate nucleus share overlapping projections from premotor areas and the dorsal prefrontal cortex (Brodmann area 9/46) forming part of a frontal executive loop (Haber, 2003) .
Medial Caudate Nucleus (mC)
To target morphology associated with areas connecting to orbitofrontal cortices, we specifically targeted the medial regions of the caudate nucleus (Haber, 2003; Stephenson et al., 2017) which shares connectivity with areas 11, 12, 13, 14, 24b, and 25 of the orbitofrontal and anterior cingulate cortex (Haber, 2003; Haber et al., 2006) . These regions form an important site of convergence for inputs related to cognitive processes including decision-making, reward processing, and cognitive control (Averbeck et al., 2014) .
Associative Putamen (aP)
The rostral associative territory of the putamen is bounded laterally by the external capsule, which separates it from the claustrum, and medially by the fibers of the internal capsule in coronal sections anterior to the emergence of the globus pallidus. Posterior boundaries of the rostral putamen were delimitated by the emergence of the anterior commissure and rostral to the external medullary lamina of the globus pallidus (Choi et al., 2012) . We targeted the medioventral region of the rostral putamen that receives projections from the dorsal prefrontal (PFC) and anterior cingulate cortices (Haber et al., 2006) as part of a reward network defined by its connectivity with the PFC. In each coronal section we sampled within the associative putamen found in the lower two thirds of the nucleus of the putamen, to the exclusion of its dorsal territory (Haber, 2003; Haber et al., 2006) , which receives primarily sensorimotor projections.
Nucleus Accumbens (NA)
Previous studies have noted that core and shell regions of the human NA show a difference in the distribution of calbindin D28k (Meredith et al., 1996) ; however, consistent with our own observations in our sample, these differences in staining represent a gradient of CB distribution that do not allow for absolute delineations of boundaries between these regions (Selden et al., 1994 , Parent et al., 1996 . Since there is cytoarchitectonic continuity of the dorsal striatum and NA region, we have defined our region of interest consistent with previous investigations in TD and ASD subjects (Wegiel et al., 2014) , superiorly bounded by the inferior limit of the internal capsule, by drawing a line perpendicular to its orientation. The most rostral limit of the NA is its emergence inferior to the internal capsule. Posteriorly, the region is bounded by the termination of the anterior commissure. The NA is bounded by white matter along the inferior extent of the NA, separating it from cortical regions and the olfactory tubercle.
Stereological Analyses
Unbiased stereological methods were utilized to quantify the density of neurons and glia and neuronal soma area in each ROI, consistently defined by cytoarchitectonic and anatomical criteria across specimens as outlined above, using StereoInvestigator software (v.10, MBF Bioscience, Williston, VT). The rater (KLH) was blinded to diagnosis and subject ID at the time of data collection and no apparent qualitative pathological changes were noted between subject groups that distinguished WS from TD subjects. Intrarater reliability was insured through repeated measures of neuron and glia counting probes in 3 out of the 10 subjects in each ROI with less than 2% difference in estimated counts.
In each region of interest, 8-10 sections were selected in a 1-in-20 series (800 lm apart) spanning its rostral to caudal extent anteriorly from the emergence of the lateral medullary lamina of the globus pallidus in the coronal plane, with care taken to sample consistently across subjects from the region of interest. Stereological analyses were performed on a Dell workstation receiving live video feed from an Optronics MicroFire color video camera (East Muskogee, OK) attached to a Nikon Eclipse 80i microscope equipped with a Ludl MAC5000 stage (Hawthorn, NY) and a Heidenhain z-axis encoder (Plymouth, MN). Regions of interest were hand-traced at 23 magnification, and a square grid was superimposed over the tracing of the region of interest. Grid size was adjusted to optimize counting based on the size of the regions of interest, and measured 2000lm 2 for the nucleus accumbens and dorsal caudate regions, and 3000 lm 2 for the caudate and putamen regions. The height of the disector measured 9 lm, with a 1lm top guard zone. For the quantification of neurons and glia, cells were counted by placing a software marker on each neuron visible in the given counting frame. As white matter inclusions are common within the striatum, care was taken to avoid sampling within white matter by drawing boundaries of the region of interest well outside the boundaries of the internal capsule. Additionally, no markers for glia were counted where neurons were not observed within the field of view, though not necessarily in the counting frame itself, to ensure that counts were not performed within white matter inclusions in striatal territories.
Neurons and glia were counted at 1003 magnification using an oil lens (NA 1.4) using the Optical Fractionator probe in StereoInvestigator. Neurons and glial cells were counted using different software markers within the same frame, and distinguished on the basis of their morphology (Fig. 2) . Briefly, neurons are characterized by their large size, distinct nucleus, and the presence of a darkly-stained nucleolus (Barger et al., 2012; Wegiel et al., 2014) . Soma area was also measured in one out of every three neurons counted using the Nucleator probe in StereoInvestigator, using a 4-point array.
Glia were distinguished from neurons and non-cellular artifacts by the presence of darkly stained cytoplasm, smaller size, and the lack of a distinctive nucleolus (Sherwood et al., 2006; Kreczmanski et al., 2007) . Following initial glia counts, we also chose to focus specifically on oligodendrocytes due to their relative abundance within the caudate nucleus, and their distinctive morphology. Oligodendrocytes were identified using criteria described in the literature; as smaller and rounder than astrocytes and microglia, and more darklystained, with a more compact nucleus and less granularappearing cytoplasm, and lacking a distinctive nucleolus in contrast to immature neurons (Baumann and Pham-Dinh, 2001; Hamidi et al., 2004; Pelvig et al., 2008; Karlsen and Pakkenberg, 2011; Morgan et al., 2014) (Fig. 2) . Given the heterogeneity in morphotypes of activated microglia (Morgan et al., 2014) and the difficulty in distinguishing these from astrocytes in Nissl-stained tissue, only oligodendrocytes were quantified. Additional immunostaining will be implemented in future series to quantify these elements independently. Endothelial cells were sparsely present within the tissue, but were not quantified.
Neuron and glia density for the regions measured was estimated by dividing the number of cells by the projected volume of the sampled region in each ROI using planimetric sampling in StereoInvestigator. A target of 100-200 cells of each type was counted per region of interest with a coefficient of error (Gundersen m 5 1) less than 0.1.
Statistical Analysis
Independent 2-tailed t-tests (p < 0.05) with Welch's correction were calculated using GraphPad Prism software to compare means for neuron density, glia density, glia-toneuron ratio, and soma volume. Grubb's Outlier test was applied to all data to determine if any single value was a statistically significant outlier, but no outliers were detected and no data points were removed.
RESULTS
Results for all regions of interest are summarized in Table 2 and Figure 3 . Table 3 and Figure 4 summarize results for oligodendrocytes in the mC and dC only. A significantly higher density of glia was found in the dC (Fig. 3B) , as well as an increase in the ratio of glia to neurons (Fig. 3C ). In the mC, an increased ratio of glia to neurons (Fig. 3C) , and a significant increase in oligodendrocyte density (Fig. 4) was found. Overall, neuron density did not vary significantly between WS and TD for any regions sampled. Total glia density was elevated significantly in the dC, and mean density of glia was also higher in the mC and aP, but these values did not reach statistical significance.
Dorsal Caudate Nucleus
A significant increase in the total density of glia was found in the dC (58,304 6 3595 WS vs. 47,156 6 2482 glia/mm 3 ; p 5 0.038). The ratio of glia to neurons was also significantly elevated (2.92 WS vs. 2.24 TD glia/neuron, p 5 0.028). Oligodendrocyte density was higher on average in WS (33,810 6 3742 cells/mm 3 , Fig. 4 
Associative Putamen
Glia density was higher on average in WS as compared to TD cases (73,106 6 8075 vs. 59,100 6 4754 glia/mm 3 ), but this did not reach statistical significance (p 5 0.182). The ratio of glia to neurons in the associative putamen was slightly elevated in WS as compared to TD subjects (2.70 vs. 2.22 glia per neuron), though this also did not reach statistical significance (p 5 0.074). Mean soma area was also slightly decreased in the associative putamen, but did not reach statistical significance (p 5 0.077).
Nucleus Accumbens
No significant differences were observed in the nucleus accumbens region for neuron density (27, 
DISCUSSION Summary
Mean glia density was significantly elevated in the dC, and increased glia density was observed across all ROIs of the caudate and putamen, but not in the NA. The glia-to-neuron ratio was significantly elevated in subjects with WS in the medial caudate (p 5 0.004), and although average glia-to-neuron ratio was higher in the associative putamen, this did not reach significance (p 5 0.068). (Fig. 3C) . Significant differences in the density of neurons in territories of the striatum were not observed between WS and TD subjects. Average values of glia density were greater in WS as compared to TD controls in the associative territories of the caudate and putamen but not in the limbic nucleus accumbens region. Average neuronal soma area was consistently smaller across all regions of interest in WS (Fig. 3D) .
Specific cognitive and neurological impairments in Williams syndrome have been noted in individuals diagnosed with the disorder. Brains of individuals with Williams syndrome tend to be smaller overall than in typically-developing individuals (Jernigan and Bellugi, 1990) , with notable size reductions found in the parietal lobule (Eckert et al., 2005) , occipital grey matter (Reiss et al., 2000) , intraparietal sulcus and orbitofrontal cortex (Meyer-Lindenberg et al., 2005; Fan et al., 2017) . Functional abnormalities have been demonstrated with respect to primary auditory (Levitin et al., 2003) and visual perception (Galaburda et al., 2002; Atkinson et al., 2007) . Additionally, deficits in object-focused and spatial cognition and memory have implicated the dorsal visual Figure 4 Density of oligodendrocytes in the dorsal and medial caudate nucleus.
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stream (Atkinson et al., 1997 (Atkinson et al., , 2003 and the hippocampal formation (Meyer-Lindenberg et al., 2005) . Previous histological studies in Williams syndrome have targeted cellular density and soma size in cortical areas (Galaburda and Bellugi, 2000) , with a specific focus on sensory territories. Primary visual cortex in a postmortem sample of Williams Syndrome patients has shown abnormalities in cell size and packing density (Galaburda et al., 2002) . Additionally, primary auditory cortex shows no overall significant difference in cell density compared to controls, but enlarged neuronal size in layer IV suggests that there may be differences in connectivity with limbic regions that reflect differences in emotional reactivity to sound (Holinger et al., 2005) , particularly music. Lew and colleagues (2017) found a decrease in neuron density specific to BAs 10 and 11 of the prefrontal cortex, specifically in the infragranular layers, that was not found in somatosensory (BA 3), motor (BA 4), or visual cortex (BA 18), further implicating dysfunction of subcortical connectivity.
Analyzing specific neural networks that are affected in WS serves the dual purpose of identifying structures and systems that contribute to selected behavioral and cognitive deficits in WS, and informing the spectrum of neuroanatomical variation that could be compromised in various other neurodevelopmental disorders, including ASD. Given that a portion of the deleted region at chromosome band 7q11.23 is frequently seen as a duplication in the closely-related Dup7 syndrome, which presents universally with an ASD-like social and cognitive phenotype (Berg et al., 2007; Sanders et al., 2012) examining the neuroanatomical phenotype in WS offers the unique opportunity to contrast phenotypic features underlying this unique disorder as a counterpoint to pathological processes in ASD.
Comparisons of the Striatum in TD, WS and ASD
Our results for neuron density in TD subjects fell within expected ranges based on previously reported data (Kreczmanski et al., 2007; Khundakar et al., 2011; Wegiel et al., 2014) . Average glia density in TD controls measured was somewhat higher than previously reported for the entire caudate nucleus (Khundakar et al., 2011) , but within the range of variation defined by previous studies (Karlsen and Pakkenberg, 2011) . This likely results from the specificity of our region of interest as a highintegration area, or perhaps due to the average age of our subjects being somewhat higher than in the sample reported by Khundakar et al. (2011) , as older age may be a factor in increased glia densities (Pelvig et al., 2008) .
Significant volumetric (Langen et al., 2009 (Langen et al., , 2014 ) and microstructural (Wegiel et al., 2014) differences have been noted in the striatum in ASD. Specifically, reductions in total neuronal density were observed in the caudate and nucleus accumbens in ASD as compared to TD controls, with ASD subjects displaying overall increases in the volume of the caudate (Wegiel et al., 2014) . In contrast, we found no significant differences in the density of neurons in four striatal regions of interest in WS. We found an increase in the density of glia in the dorsal caudate nucleus, in addition to increased glia-to-neuron ratio in the medial caudate nucleus, which our results suggest is driven by a significant overall increase in oligodendrocytes. Similar quantitative data for the striatum in ASD are not published, but glial pathologies have been noted in several cortical areas (Edmonson et al., 2014) and in the amygdala (Morgan et al., 2014) . Specifically, the abundance of microglia, and particularly activated microglia, in the prefrontal cortex in ASD (Morgan et al., 2010) suggests that neuroinflammation may account in part for dysfunction in the PFC. The methods used in the present study do not allow for these comparisons to be made in WS, but future research will utilize similar techniques to examine additional populations of glia, including microglia, in our sample.
Here, we targeted oligodendrocytes due to their consistent morphology and abundant appearance in all cases, finding an increase in their density in WS. The mechanism for the observed increase in oligodendrocytes in the gray matter of the caudate nucleus is not known, but one can offer some speculation for this important difference. It is possible that an excess of oligodendrocytes is being produced, either early in development, or by oligodendrocyte progenitor cells (OPCs), which continue to differentiate and produce additional oligodendrocytes throughout adulthood. Successive waves of migrating oligodendrocyte precursor cells replace embryonic-derived and postnatally generated lineages of oligodendrocytes, competing for space and replacing older lineages (Kessaris et al., 2006) . Failure of newly derived oligodendrocytes to eliminate older lineages through apoptosis may result in their excess in the adult brain. Another possible mechanism may include abnormalities in migration. OPCs migrate along vasculature, guided by endothelial cells (Tsai et al., 2016) . Thus, disruptions in vasculature and associated endothelial cells may lead to poor migration. Animal models of the deletion of GTF2i and GTF2iRD1, two genes that are part of the hemizygous gene deletion observed in WS, have shown abnormalities in cerebral angiogenesis, as well as disrupted development of endothelial cells (Enkhmandakh et al., 2009 ), attributed to the resulting downregulation of endothelial growth factor receptor-2 gene. These disruptions in vasculature and endothelial cell development likely have important consequences for the fate of migrating oligodendrocytes. In particular, oligodendrocytes may not effectively migrate into white matter, leading to their excessive numbers in grey matter. This likely has important implications for understanding hypoactivity in frontostriatal circuitry that underlies deficits in behavioral control seen in WS. Specifically, the functional role of oligodendrocytes in myelination may point to mechanisms underlying dysfunction of frontostriatal connectivity related to hypomyelination and associated white matter abnormalities.
Significant reductions in white matter volume that outpace deficits in gray matter are reported in structural imaging studies of WS (Faria et al., 2012) . Studies of white matter architecture using diffusion tensor imaging (DTI) have demonstrated aberrations in fiber tract directionality and coherence (Marenco et al., 2007) . Increased fractional anisotropy (FA) was also observed in the superior longitudinal fasciculus in WS, which may reflect deficits in myelination (Alba-Ferrara and de Erausquin, 2013) . The role of oligodendrocytes in the complex relationship between myelination in gray and white matter, and white matter architecture in WS, bears further study. Future research will utilize advanced techniques to examine fiber densities and myelination in frontal and striatal regions of interest.
Developmental Considerations
A major limitation in postmortem studies of many neurodevelopmental disorders includes lack of a sufficient developmental sample. This is particularly true in WS, given the rarity of the disorder. Though there is no comprehensive data available examining average lifespan in individuals with WS, death in early middle age is not uncommon due to cardiac complications of the disorder, and may represent a peak in mortality. Accordingly, three of our subjects (WS9, WS 12, and WS 14) are very close in age, and similar patterns can be observed in these individuals across our measures for glia. Figure 5 summarizes glia and oligodendrocyte densities comparing across matched pairs. Though no clear pattern emerges for total glia density (Fig. 5A,B) or oligodendrocyte density in the mC (Fig. 5D) , oligodendrocyte density increases slightly with age in the dC (Fig. 5C ) in WS (p 5 0.125) but not in TD (p 5 0.713) subjects when older subjects (age 42-45) are compared to younger individuals (ages 18-31). Additional data from a larger sample may help to clarify this pattern.
Frontostriatal Dysfunction in ASD and WS
Targeting psychiatric endophenotypes common to both disorders may help to elucidate patters of striatal neuroanatomy, particularly with reference to territories that share extensive connectivity with the PFC, in a way that contributes to deficits of executive function. This may be particularly true with respect to features of behavioral control that are impaired in both ASD (Christ et al., 2007; Kana et al., 2007; Langen et al., 2012) and WS (Carrasco et al., 2005; Mobbs et al., 2007) as well.
Previous research has shown anatomical abnormalities of the PFC in both ASD and WS. Significant overgrowth in the PFC in early development is reflected in increased neuron number in dorsal and medial prefrontal cortical regions in ASD (Courchesne et al., 2011) , which corresponds to narrower spacing of cortical minicolumns in the PFC of ASD (Buxhoeveden et al., 2006; Casanova et al., 2006) . This may relate to local overconnectivity in the PFC to the detriment of longrange connectivity (Courchesne and Pierce, 2005) with subcortical structures. Conversely, reduced neuronal density in lower layers V/VI of BA 10 was observed in WS , which implicates a differential decrease in PFC neurons that share connectivity with subcortical structures. Additionally, layer III pyramidal neurons of BA 10 in WS may not display the pattern of longer and more branched basal dendrites as observed in TDs (Hrvoj-Mihic et al., 2017) relatively to primary processing areas, suggesting compromised circuitry in high-integration PFC areas.
Important connectivity between prefrontal cortical areas and territories of the striatum observed in primates (Haber, 2003; Haber et al., 2006; Averbeck et al., 2014) investigated here has been established in human subjects (Choi et al., 2012; Delmonte et al., 2013; Jarbo and Verstynen, 2015) suggesting that abnormalities of this network may account for downstream dysfunction of striatal territories. Alterations in striatal morphology and function have been noted as a characteristic of both disorders. Structural findings consistently report alterations of striatal morphology in ASD, including increased volume of the caudate (Hollander et al., 2005; Langen et al., 2007 Langen et al., , 2009 . Functionally, reduced frontostriatal activity in ASD subjects as compared to controls has been observed, particularly in response to social stimuli (DelMonte et al., 2013; Kohls et al., 2013) . Deficits of behavioral control in response inhibition tasks have also been attributed to frontostriatal hypoactivity in WS generally (Mobbs et al., 2007) though specifically social stimuli were not utilized. Repetitive behaviors are also a common feature of ASD related to deficits in behavioral control thought to relate to striatal abnormalities (Hollander et al., 2005) , though it is not a common behavioral feature associated with WS (Rodgers et al., 2012) . These differences may be rooted in the different patterns of functional connectivity in frontostriatal territories in WS and ASD: whereas connectivity with associative regions of the caudate may be reflected in reduced activity in response inhibition tasks, connectivity between frontal regions and the putamen has shown significant impairment (Balsters et al., 2016) in ASD.
Overall, dysfunction in frontostriatal territories in WS contributes to deficits in the ability to inhibit the drive for social interaction (Mobbs et al., 2007) ultimately characterizing WS as a disorder of inhibitory behavioral control in distinctively social domains. Here, we reported abnormalities at the cellular level that may underlie frontostriatal dysfunction in the caudate nucleus that complements previous evidence for reduced neuron density in prefrontal cortical regions . It is likely that dysfunction in other systems in WS, including impaired frontolimbic connectivity between the prefrontal cortex and amygdala (Ng et al., 2016) , is similarly reflected in pathologies within the amygdala in WS, which is an additional target of ongoing investigations given known aberrations in neuron numbers in ASD (Schumann et al., 2006) in discrete amygdala nuclei. Frontostriatal (Fan et al., 2017) and frontolimbic (Ng et al., 2016) systems contribute to distinctive functional deficits in WS in different patterns that affect the cognitive and emotional profiles of this unique disorder in characteristic ways providing an interesting contrast to patterns seen in ASD.
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